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Science	Focus	(1	of	2)
Exoplanetary	Systems

• How	do	planetary	systems	form	and	evolve?
• How	can	we	recognize	life	on	planets	outside	the	

Solar	System?
• Is	there	life	elsewhere	in	the	Universe?

Long	wavelength	(	l>visible	)	Astronomy	&	Cosmology
• How	did	the	Universe	form	and	evolve?

• What	are	the	characteristics	of	dark	matter	and	dark	energy?
• How	is	matter	of	all	kinds	distributed	throughout	the	Universe?
• What	can	the	polarization	of	the	cosmic	microwave	background	reveal	

about	the	physics	of	inflation?
• How	do	stars	form?
• How	did	galaxies	and	clusters	of	galaxies	form	and	evolve?
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Science	Focus	(2	of	2)
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• Gravitational	Waves
• Use	gravitational	waves	to	study	matter	and	energy	in	

extreme	environments	that	have	never	before	been	
observable.	Opening	a	“new	window”	on	the	universe	
and	asking	what	do	we	see?

• Near	Earth	Objects
• Planetary	Warning/Defense

• What	objects	in	the	Solar	System	could	hit	the	
Earth	with destructive	energy?
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NuSTAR 2012

Current	Missions	and	Instruments	
in	Operation

Two Voyagers	1977

Spitzer	2003

Wise	2009
(Restarted	for	NEOWISE	2013)

HAWC+	on	SOFIA	
2016
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CAL			2018

Kepler/K2	2009
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ST-7/LISA	Pathfinder	Mission	Success

Colloid	Electrospray	Thruster	(Busek Co,	Inc)
Cluster	of	four	Colloidal	
thrusters	during	testing	at	JPL One	of	two	Clusters	mounted	on	the	LISA	Pathfinder	spacecraft	at	Airbus,	UK

• ST-7	demonstrated	drag-free	spacecraft	
attitude	and	position	control	with	precision	
and	low-noise	electrospray	thrusters	and	
control	algorithms	for	a	gravitational	wave	
observatory.

• ST-7/DRS	met	all	L1	mission	requirements.

• At	maximum	thrust,	ST7	can	offset	the	mass	
equivalent	to	a	mosquito	sitting	atop	the	
spacecraft	in	increments	of	100	nN.

Signal	injection	at	
23	mHz	is	used	to	
calibrate	thrust

Amplitude	spectral	density	of	average	thrust	noise	on	
the	spacecraft	with	requirement	in	red.	

75	µm

© 2018 California Institute of Technology. Government sponsorship acknowledged. 9/9/20



Instruments	and	Missions	in	Development
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Mid-IR	Instrument	(MIRI)	and	Cooler	
for	JWST	(Delivered)

Sensor	System	for	the	Near-IR	
Photometer	Instrument	for	Euclid

Deep	Space	Atomic	
Clock	 (Delivered)

Deep	Space	Optical	
Communications	

WFIRST	Coronagraph	(CGI)	
(Phase	B)

NEOCAM
(Phase	A)

Astronomy	and	Physics	Directorate
Future	Mid-Explorer	Mission	Candidates	in	Step-2	

(Phase	A)

SPHEREx:	Infrared	all	sky	spectroscopic	survey.		

CASE	(MoO w/ESA):	Contribution	of	detectors	to	ESA’s	ARIEL	
Mission	for	transit	spectroscopy	of	exoplanet	atmospheres

SunRISE	(MoO):	6	s/c	cubesat
synthetic	aperture	radio	telescope	
studying	how	solar	energetic	
particles	are	accelerated	and	
released	into	interplanetary	space.		

Pre-Decisional	Information	-- For	Planning	and	Discussion	Purposes	Only
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the SCA at 50K while the rest of the enclosure 
is mechanically and thermally connected to the 
55K FGS optics bench. 

A titanium kinematic mount optically posi-
tions the SCA relative to the FGS optics and 
thermally isolates the SCA from the enclosure. 
The enclosure itself is made of 15mm thick alu-
minum (requirement provided by the ARIEL 
consortium) which provides radiation shielding 
for the SCA.  
E.2.2.2 Cold Front End Electronics 

SIDECAR. The CFEE for the FGSM is a 
SIDECAR in the miniaturized SMd configura-
tion (Figure E.2-4), which also shares its design 
and validated performance from Euclid. The 
SIDECAR [8] is an application specific inte-

grated circuit designed to provide control, bi-
ases, and clocking to the H2RG and digitize its 
video output using low noise amplifiers and 16-
bit analog-to-digital converters. The SIDECAR 
supports up to 36 video outputs operating at 
480kpix/sec [9], but only 9 outputs operating at 
130kpix/s will be used between the two win-
dows located on each FGSMs. The SMd con-
tains a SIDECAR in a hermetic package on a 
small Pinted Circuit Board (PCB) with flight 
screened components.  

A cable harness delivered as part of the 
FGSMs connects the FPM and the CFEE and 
the SIDECAR will interface to the ARIEL 
warm front end electronics (WFEE) using a 

8-bit parallel Low-Voltage Differential 
(LVDS) bus. The CFEE is mounted to the 3rd 
ARIEL V-groove radiator at 75K. Like the 
FGSM SCA, the SIDECAR and SMd is a TRL6 
component from JWST and Euclid [2-4] and 
flown on Landsat Data Continuity Mission – 
Thermal Infrared Sensor (LDCM-TIRS [10], 
among others (Appendix J.9.2.6).  

SIDECAR Firmware. The flexibility of the 
H2RG and SIDECAR make it ideal for the 
ARIEL FGS implementation. The FGSM will 
be operated by custom firmware for the 
SIDECAR, developed by its original architect, 
Markus Loose (Markury Scientific). The 
SIDECAR firmware will be the command, con-
trol and data interface with the WFEE with 
FGS-specific commands to be defined during 
Phase B and provided to the ARIEL consor-

tium. To enable 10hz operation of the 
FGS and science windows, only a 
subset of the 2048 rows correspond-
ing to the location of the guide and 
science windows will be readout, a 
similar mode used for the Orbiting 
Carbon Observatory-2 [11]. To re-
duce the thermal load, only outputs 
(which operate in the column direc-
tion) corresponding to FGS and sci-
ence windows will be powered on. 
Firmware development is an engi-
neering effort and validation testing 
will follow the same procedures used 
for Euclid.  

 
Figure E.2-3. CASE FGSM FPM Enclosure with SCA. The mass and 
volume allocation were provided by the ARIEL project. The enclosure 
draws heritage from the JWST MIRI FPM  

Figure E.2-2. Euclid H2RG SCA. The CASE SCA is the 
same design, which reduces risks to the project.  



WFIRST	Coronagraph	Instrument	(CGI)
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Critical	Technology	demonstration	
for	the	Future	exo-earth	missions:
• First	in-space	demonstration	of	

active	wavefront sensing	and	
control	to	10’s	of	pms using	
deformable	mirrors	(DM).

• First	in-space	use	of	ultra-low	
noise	photon	counting	detectors	
to	image	exoplanets.	

WFIRST	Coronagraph	Instrument	
(CGI) capabilities:
• A	quantum	leap	(x	103)	compared	

to	space	(HST/	JWST)	and	ground	
state-of-the	art	(GPI/	SPHERE)

• Able	to	image	exoplanets	that	are	
1	billion	times	fainter	than	the	
host	stars

• Available	to	support	proposed	GO	
programs.

Xinetics 48	x	48	DM	used	
in	JPL’s	HCIT

E2V	EMCCD	used	in	
photon	counting	mode

HLC	mask	image	with	an	
atomic	force	microscope

Fast-steering	mirror	
(FSM)

Pre-Decisional	Information	-- For	Planning	and	Discussion	Purposes	Only
©	2018	California	Institute	of	Technology.	Government	sponsorship	acknowledged.	9/9/20



Astro2020	Large	Mission	Studies

EXPLORING PLANETARY SYSTEMS AROUND NEARBY SUNLIKE STARS
AND ENABLING OBSERVATORY SCIENCE FROM THE UV THROUGH NEAR-IR

To seek out nearby worlds and explore 
their habitability, HabEx will search for habitable 

zone Ear th-like planets around sunlike stars using 

direct imaging and will spectrally characterize promising 

candidates for signs of habitability and life.

To map out nearby planetary systems and 
understand the diversity of the worlds they 
contain, HabEx will take the first “family portraits” of 

nearby planetary systems, detecting and characterizing 

both inner and outer planets, as well as searching for 

dust and debris disks.

To carry out observations that open up 
new windows on the universe from the UV 
through near-IR,  HabEx will have a community 

driven, competed Guest Observer program to undertake 

revolutionary science with a large-aperture, ultra-stable 

UV through near-IR space telescope.

The HabEx design  relies on demonstrated, yet cutting edge, technologies wherever possible, which enables  
world-leading science in the 2030s while limiting risk and cost.

GOAL 1

GOAL 2

GOAL 3

HABEX:
4	m	telescope

Starshade +	Coronagraph
for	habitable	exoplanets	&	

general	science

LUVOIR:	9-15	m	general	
observatory	also	with

exoplanet	direct	imaging	with
coronagraph

Origins	Space	
Telescope:	9	m	
telescope	@	4K	
temperature

Lynx:	high	energy	X-
ray	observatory
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Astrophysics	Probe	Concepts	May	
Create	a	New	Opportunity

JPL/Caltech Proprietary, for JPL internal release only by Cosmic Dawn 
Intensity Mapper team, JPL customer team lead Stephen Unwin

Spacecraft Design
Mechanical & Configuration

Optics Assembly

Radiator Assembly

Spacecraft Bus

Ù Optics located in separate 
housing
y Mounted to bus via hexapod 

support structure
y Angled enclosure panels can 

be used as additional radiative 
surfaces

Ù Bus/radiators act as 
sunshade

Solar panels and 
other bus structure 
not considered in 
this report.

43

5	of	10	studies	are	working	with	JPL

Starshade Rendezvous	Probe	could	be	the	first	in	a	new	mission	line

Earthfinder PRV
PI:	Peter	Plavchan

Starshade Rendezvous
PI:	Sara	Seager &	Jeremy	Kasdin PICO	– Inflation	Probe

PI:	Shaul Hanany

Cosmic	Dawn	
Intensity	Mapper
PI:	Asantha Cooray

Galaxy	Evolution	Probe
PI:	Jason	Glenn
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Ground	Based	Activities- Incubators	for	Flight	
Instruments	
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Vector	Vortex	Coronagraph	&	Keck	Cosmic	Wave	
Imager	(KCWI)

P1640	Calibrator	&	Coronagraph	at	Palomar

Thirty	Meter	TelescopeSubaru	Telescope	Prime	
Focus	Spectrograph
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NASA Exoplanet Exploration Program

Space Missions and Mission Studies

Supporting Research & Technology

Key 
Sustaining 
Research

Large Binocular 
Telescope Interferometer

Keck Single 
Aperture

Imaging & RV High-Contrast Imaging

Technology Development

Deployable Starshades

Archives, Tools, Sagan Fellowships, 
Professional Engagement

Occulting
Masks

NASA Exoplanet Science Institute

NN-EXPLORE

Communications
Kepler & K2

Starshade Coronagraph
Probe-Scale Studies

Deformable Mirrors
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